ABSTRACT. Background and aims: Gait changes in dual-task conditions have been associated with an increased risk of falling in older adults
INTRODUCTION
Detection of increased risk of falling is essential for efficient fall prevention among older adults (1) . Several intrinsic (subject-related) risk factors for falls among older adults have been identified, such as age over 85 years, polymedication, psychoactive drugs, poor vision, abnormal mobility, and cognitive decline (2-7). Unfortunately, fall risk assessment models based on these multiple factors are usually of little use in general practice, because they are not easy to apply (8) . Therefore, the development of a simple fall risk screening tool remains an important challenge for fall prevention in the elderly.
Changes in gait characteristics due to a simultaneously performed attention-demanding task have frequently been reported in the elderly (9, 10) . We recently showed that a walking-associated arithmetic task provoked major gait changes in transitional frail older adults (11) . There is also some evidence about a relationship between dual-task related gait changes and the risk of falling (12) (13) (14) . In 1997, Lundin-Olsson et al. (13) were the first to establish a link between the inability to walk and talk at the same time, and the occurrence of falls. This simple screening test dependably predicted falls in the studied sample of older adults. However, these data have never been confirmed since and, in spite of the development of other similar dual-task-based fall risk assessment tests (12) , findings about the relationship between dual-task related gait changes and falls remain controversial (12) . Therefore, to find out more about the association of dual-task related gait performance with established fall risk factors in the literature may improve our understanding of dual-task performance and its possible relationship with falls.
Previous reports have shown that dual-task related gait changes depend on individuals' state of health. Compared with healthy control subjects, dual-task related gait changes were significantly more frequent among older adults with Alzheimer's (15) or Parkinson's disease (16) . Moreover, dual-task related gait changes become more frequent in increasingly frail older adults who also show an increasing risk of falling (11, 13, 14) . To study how frail older adults cope with gait-associated dual tasks may provide more insight into gait disorders and possibly related fall mechanisms among this fall-prone population.
Older adults' state of health may vary considerably because of the various cumulate effects of chronic diseases and physiologic decline (17 We hypothesized that intrinsic risk factors for falls would influence gait among transitional frail older adults performing a walking-associated arithmetic task. The aims of this study were: 1) to quantify dual-task related gait changes among transitional frail older adults while performing a mental arithmetic task; and 2) to establish whether intrinsic risk factors for falls are associated with dual-task related gait changes. None of the participants was familiarwith the specific purpose of the study. They were told that they were taking part in the development of a fall risk screening tool based on evaluationof gait in dual-taskconditions.The study was conducted in accordance with the ethical standards set forth in the Helsinki Declaration (1983). The local ethics committee approved the project.
METHODS

Participants
Tasks
Participants were asked to perform, in randomized order, the following tasks: walking alone at usual speed over a distance of 10 meters; counting backward out loud from 50 while sitting on a chair; and both tasks simultaneously (walkingwhile counting backward). For the dual-task condition, subjects were told to maintain their usual walking speed. Before testing, a trained evaluator gave standardized verbal instructions regarding the test procedure with a visual demonstration of the walking test.
Each subject completed one trial for all three testing conditions. The walking trials were performed on a 10-meter walkway in a well-lit environment. Subjects walked at their self-selected speed and wore their own footwear . To ensure safety, a belt was placed around each subject's waist for easy grasp by a research assistant who walked behind the subjects during all the trials. Each walking trial was recorded by a Sony DCR-PC6E video numeric camera placed on a tripod in front of the walkway. Walking time in seconds and number of steps were noted. Both the acceleration and deceleration phases of gait were includedfor analysis. The cognitive task performance (number of enumerated figures in single-and dual-task conditions) was also recorded with a tape recorder, to document subjects' capacity to perform the dual task. 
Study variables and outcome measures
The intrinsic risk factors for falls listed in Table 1 were the study variables. Two outcome measures were used: 1) mean:tSD of walking time (in seconds) and of the number of steps for both walking conditions; 2) mean:tSD of dual-task related gait changes for walking time (in seconds) and for number of steps calculated from the formula (dual-task -single-task).
Statistical analysis
Baseline characteristics and gait parameters were summarized descriptivelyusing either means and standard deviations or frequencies and percentages, as appropriate. Comparisons between walking conditions were performed by the paired-sample t-test for continuous variables or the chi-square test for nominal variables.
Uni-and multiple linear regression analyses were 
RESULTS
Baseline characteristics
The baseline characteristics of transitional frail older adults are listed in Table 1 . Subjects ranged in age from 71 to 96 years (mean age 83.6) and 39.4% were aged over 85. Eighty-four percent were women. They were taking an average of 5 drugs, and 43.9% took psychoactive drugs. Ninety-three percent of subjects who used psychoactive drugs also took more than 3 drugs per day. The mean score for distance visual acuity was 6:t2.5, and 56.9% of subjects had a score <6. Abnormal basic mobility was observed in 63.6%, and mean Timed Up & Go time was 23.2:t6.6 seconds. The mean MMSE score was 25.1:t3.6, and cognitive impairment was present in 37.9%. Frail attributes, as determined by the Speechley and Tinetti criteria (18) were as follows: gait or balance impairment (62.1% of subjects), no walking for exercise (72.7%), no other physical activity (69.7%). Nineteen percent of the subjects were taking an antidepressant. Intake of psychoactive drugs such as benzodiazepines, antidepressants or neuroleptics was present in 45.5%. Impaired near vision was observed in 83.3%. Impaired upper or lower extremity strength was present in 6.1 % and 4.5%, respectively. Lower extremity disability was found in 24.2%. 
Clinical observations and performance in single and dual-task conditions
All participants were able to complete the single and dual tasks without falling. As shown in Table 2 , walking time and number of steps were significantly higher while counting backward compared with walking alone (p<0.00l). Average changes in walking time and number of steps calculated from the formula (dual-task -singletask) were 6.4:t6.2 seconds and 4.l:t4.2 steps.
Relationship between intrinsic risk factors for falling and dual-task related gait changes
As indicated in Table 3 , polymedication (>3 drugs/day), abnormal basic mobility (Timed Up & Go test ;::>:20 seconds) and cognitive impairment (MMSE<25) were significantly associated with an increase in walking time (6.1 seconds, p<O.OOl; 5.2 seconds, p=O.OOl; 3.1 seconds, p=0.045, respectively). After adjusting for all variables in the table, only polymedication (>3 drugs/day) and abnormal basic mobility (Timed Up & Go test ;::>:20 seconds) explained the increase in walking time (4.6 seconds, p=0.009; 3.4 seconds, p=0.049). As shown in Table 4 , polymedication (>3 drugs/day) and abnormal basic mobility(Timed Up & Go test ;::>:20 seconds) were significantly associated with an increase in number of steps (3.6 steps, p=0.002 and 3.9 steps, p<O.OOl for unadjusted change; 2.4 steps, p=0.041 and 2.9 steps, p=0.012 for adjusted change).
DISCUSSION
Our results show that counting backward while walking caused significant gait changes in a sample of transitional frail older adults, and that dual-task related gait changes were significantly related to polymedication (>3 drugs/day) and abnormal mobility (Timed Up & Go test ;::>:20seconds).
Gait changes while performing a cognitive task have previously been reported among older adults (9) (10) (11) (12) (13) (14) , and mainly depend on the cerebral capacity to switch attentional resources between walking and additional simulta- Table 4 -Un i-and multiple linear regression looking for association between changes in number of steps while backward counting (dependent variable) and intrinsic risk factors for falls.
"n=66 subjects for whom all data were available; intercept value not shown in table corresponds to value of a transitional frail male older adult aged less than 85, taking 3 or less drugs/day, not using psychoactive drugs, with normal distance vision, mobility and MMSE score. tChanges in number of steps estimated from coefficient of regression beta, corresponding to increase in mean value of number of steps while walking with counting backward out loud; 'Confidence interval; §lntake of benzodiazepines, antidepressants or neuroleptics;~Vision acuity <6 at distance of 5 m with Snellen letter test chart; lIMini Mental State Examination of Folstein. neous attention-demanding tasks (9, 23) . In a review of meta-analyses from studies examining age-related differences in attentional processes among healthy adults, Verhaeghen and Cerelia (23) found an age-related deficit for dual-task performance and global task switching. In contrast with this finding, in our study there were no significant age-related gait changes. Our older adults were not healthy and formed part of transitional frail category described by Speechley and Tinetti (18) . With the cumulative damage of multiple chronic diseases, walking requires more attentional processing (13) (14) (15) (16) in order to compensate the decline in sensorimotor systems and cognitiveprocesses (9) ,which can diminish any age-related gait change in dual-task condition. Multiplemedication has previouslybeen identifiedas an important predictor of falls among older adults (3). Cumming et al. (24) reported that the relative risk of falling when taking three or more medications is 2.4. Supporting this data, our study shows that taking more than 3 drugs per day was the best parameter to explain dual-task related changes in walking time. The relationship between multiple medication and dual-task related gait changes may have two additional explanations. First, older adults are particularly responsive to the effects of pharmacological treatment. Reduced mental alertness, slowed transmission within the central nervous system, and blurred vision are all potential mechanisms by which some medications predispose to a high risk of falling and to dual-task related gait changes (25) . Second, the multiple-drugrelated gait effect may partly be a close measure for poor health because polymedication is a marker of comorbidity (17) .
Unlike other data in the literature, our results did not demonstrate any significant effect of psychoactive drugs on dual-task related gait changes, probably because they are a surrogate measure which is less sensitive than falls. Moreover, psychoactive drug effects depend on the type of drug acting on the central nervous system (3), which was not differentiated in our study. For example, benzodiazepines probably have a higher impact on attention level and dual-task-related gait performance with respect to their sedative effect than antidepressants, such as selective serotonin-reuptake inhibitors. Dual-task related gait changes result from the interference between gait and the attention-demanding task (9) . Because walking requires more attention with increasing age (9, 23), dual-task performance mainly depends on the cerebral capacity to split attentional resources between walking and additional attention-demanding tasks (23) .
There is increasing evidence that number of chronic diseases is associated with severity of physical disability (26) , possibly explaining the significant effect of abnormal mobility on dual-task related gait changes seen in our sample of transitional frail older adults. Several (27) . It has been shown that visual impairment is associated with a high risk of falling (4). In our study, distance visual acuity was not significantly linked to dual-task related gait changes, probably because visual acuity is not the best marker of visual decline related to safe ambulation. Previous studies have shown that contrast sensitivity and depth perception are the visual functions most closely linked to falling among older adults (4, 27) . In addition, decrease in vision may influence fall risk through a different mechanism than the ability to combine walking with an additional attention-demanding task. It has been reported that cognitive impairment may increase the risk of falling by directly influencing the ability to adapt gait patterns to unexpected situations of daily life (5). In our study, cognitive impairment was significantly associated with walking time changes in dualtask conditions only in bivariate analysis. After adjusting for the other intrinsic fall risk factors, there was no significant effect. This may be explained by the fact that our transitional frail older adults had relatively high levels of cognitive performance, an important requisite for performing a dual-task (9) .
Our study has several limitations. The sample may not be representative of all older adults transitioning to frailty. The size of the sample was small, and the transitional frail older adults who participated in the study were probably more motivated and more interested in health issues than the general population of older adults transitioning to frailty. Moreover, excluding subjects with fall histories probably led to a subset of transitional frail older adults with fewer mobility and gait problems, which may explain the lack of association between poor health and dual-task related gait changes. Another limitation of our study was that the occurrence of falls was not studied.
In conclusion, we found that transitional frail older adults have difficulty in coping with attention-dividing walking conditions, which may represent a common fallrisk situation in this fall-prone population. Furthermore, this difficultywas closely correlated to polymedication and impaired mobility. These findings give some insight into the complexity of divided attention while walking and accentuate the need for multi-factorial, personalized intervention strategies to prevent decline in dual-task performance in this population. Further research is required to examine the relationship between dual-task related gait changes and falls, and how interventions affect such gait performance and falls.
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